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Hortic. bras., v. 30, n. 1, jan. -mar. 2012 S weet pepper is one of the species of vegetables that are the most widespread and popular. It is considered one of the ten species of greatest economic importance in the Brazilian vegetable market. Sweet peppers are grown mainly in greenhouses, and the practice of two or three or more successive plantings along with the accumulation of crop residues has increased the incidence of pests and phytopathogens such as nematodes, due to their continuous multiplication (Charlo et al., 2009) .
Sweet pepper growing areas in the state of São Paulo have had many problems with root-knot nematodes ( Meloidogyne spp.), especially Meloidogyne incognita and M. mayaguensis which reduce productivity.
Currently, there are no sweet pepper cultivars that are resistant to M. incognita and M. mayaguensis, which means frequent change in cultivation areas or the need for soil treatment, resulting in marked environmental impacts. One possible solution to this problem is cultivation in pots or bags filled with substrate. The production of sweet pepper in pots is a recent technique, and therefore there are only a few published studies presenting data that can be used for appropriate technical recommendations, which makes sweet pepper cultivation difficult in areas contaminated with Meloidogyne incognita and M. mayaguensis.
The monitoring of nutrients is a tool in fertilizer management of crops, mainly when they are grown in substrates, which in the majority of cases, all nutrients that the plants absorb come from fertirrigation. The obtained curves express the quantity of each nutrient absorbed according to the age of the plants.
The mineral composition and the level of nutrients in leaf tissues depend of various factors, such as plant (species, cultivar, type of leaves, age), soil, fertilizer, climate, cultivation practices, and pests and diseases (Malavolta et al., 1997) . In general, the absorption of nutrients in the majority of crops follows the pattern of the growth curve (accumulation of dry matter).
Knowledge of the quantity of nutrients accumulated in the plant, at each stage of development, provides important information which can help CHARLO HCO; OLIVEIRA SF; VARGAS PF; CASTOLDI R; BARBOSA JC; BRAZ LT. 2012. Accumulation of nutrients in sweet peppers cultivated in coconut fiber. Horticultura Brasileira 30:125-131. 
Accumulation of nutrients in sweet peppers cultivated in coconut fiber

ABSTRACT
The production of sweet peppers in greenhouse has been severely affected by soil pathogens. With this, producers are adopting new cultivation techniques, such as cultivation in substrates, but information about this type of cultivation are still scarce. The aim of the present work was to evaluate nutrient accumulation in sweet peppers cultivated in coconut fiber with fertirrigation in greenhouse. Initially, 160 plants (Eppo cultivar) were divided into four blocks, where two plants per block were analyzed every 21 days after transplanting. The sweet peppers were cultivated in plastic pots of 13 L, containing coconut fiber, and placed in double rows with spacing of 0.5 x 0.8 m between single rows and 1.10 m between double rows. The commercial production of the mature fruits was estimated to be 97.3 t ha , where all the production was classified as Extra (maximum quality). The accumulation of the various determined nutrients were: 8.22 g plant -1 of N, 1.14 g plant Therefore, the aim of the present w o r k was to evaluate nutrient accumulation in sweet peppers cultivated in coconut fiber with fertirrigation in greenhouse.
MATERIAL AND METHODS
The study was conducted in a greenhouse with a metal structure, an arch-type roof and wall height of 3 m. The greenhouse was located in an area belonging to UNESP, located in Jaboticabal (SP).
The sweet pepper hybrid evaluated was Eppo (Syngenta Seeds), which had been studied by Charlo et al. (2009) in a protected environment utilizing coconut fiber and found to be one of the most productive (102.9 t ha -1 ) and to have excellent fruit characteristics. Eppo is a compact plant with short internodes and produces greenish-yellow fruits which are smooth and have a thick pulp. The hybrid is resistant to cucumber mosaic virus (CMV) and tolerant to tomato spotted wilt virus (TSWV) (Syngenta, 2005) .
Seedlings were grown using an indirect seeding system, which was carried out on May 1, 2006. The substrate Plantmax Hortaliças ® HT was utilized, and seeding was in Styrofoam trays with a capacity of 128 pyramid cells with one seed per cell. After seeding, the trays were acclimated in a greenhouse, receiving irrigation 3 to 4 times a day.
At 33 days after seeding, the seedlings were transplanted to plastic cups of 300 mL, where they remained for 10 more days to guarantee a better development of the roots. When they had 5 to 8 definitive leaves and were approximately 12 cm in height, the seedlings were transplanted to plant pots in their final location.
Sweet pepper seedlings were grown further in plastic pots of 13 L, which were filled with substrate (coconut fiber). One seedling was transplanted to each pot, and the pots were placed in double rows with spacing of 0.5 x 0.8 m between simple rows and 1.10 m between double rows. Golden Mix ® Misto 98 coconut fiber was utilized, whose physical characteristics are: total porosity of 94%, aeration capacity of 35%, and available water retention capacity of 41% (Amafibra, s.d.), and the chemical characteristics are: pH 5.1, electrical conductivity of 1.0 dS m
Sweet pepper cultivation was supplemented with the nutritive solution recommended by Goto & Rossi (1997) cited by Trani & Carrijo (2004) . The following chemicals were used to prepare 1000 L of the solution: calcium nitrate (650 g), potassium nitrate (500 g), monopotassium phosphate (170 g), magnesium sulfate (250 g), magnesium nitrate (50 g), iron-EDTA (11 g of iron chloride + 15 g of disodium EDTA) and 150 mL of a stock solution of micronutrients. This stock solution of micronutrients was prepared with 16.70 g of boric acid, 15 g of manganese chloride, 0.82 g of copper chloride, 0.33 g of molybdenum oxide and 2.62 g of zinc sulfate, dissolved in 1 L of water.
To promote the flow of the drainage water and thereby reduce the humidity in the protected environment, the ground of the greenhouse was covered with pieces of rock and the pots were placed on supports made of wood.
The plants were pruned to have four main stems and staked individually in the shape of a "V." For the rational control of both pests and diseases, the management adopted was where the plants were treated upon visual detection of the agent, insect or pathogen, and in accordance with the technical recommendations of the chemical product utilized.
The experiment consisted initially of 160 plants divided into four blocks, where the plants were evaluated every 21 days after transplanting. For each of the sampling periods, two plants were removed per block. The sampled plants were removed from the pots, and divided into roots, stem, leaves and fruits. Next, the organs were washed in deionized water, dried in a oven with forced-air circulation at 60°C until a constant weight was obtained and then ground. Later, the samples were submitted to chemical analysis according to the methods described by Malavolta et al. (1997) . The levels of the following elements were determined in each part of the plant: N, P, K, Ca, Mg, S, B, Cu, Fe, Mn and Zn; the accumulation of each nutrient was calculated based on dry weight. Also estimated were the total and commercial productivity of the fruits.
The examined characteristics were submitted to regression analysis, where the age of the plant was considered the independent variable expressed in days after transplanting. For the analysis of growth of the plants, a logistic function was utilized, which is widely employed to represent empirical data of growth of animals and plants (Hoffman & Vieira, 1977) , or polynomial function which was used on occasion when more appropriate for each characteristic.
RESULTS AND DISCUSSION
The estimated total productivity was 98 t ha -1 , and the estimated commercial productivity was 97.3 t ha -1 for harvest at approximately three months (105 to 189 DAT). Charlo et al. (2009) 
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decreased afterward up to 189 DAT, when the observed accumulation was 0.47 g plant -1 ( Figure 1A) . Negreiros (1995) , where the fruits accumulated 40.5% of this total. These differences among experiments could be due to the differences in the utilized cultivars, experimental conditions and mainly to the cultivation system.
There was a greater efficiency in the conversion of N in production in the present study, which could have been due to the difference in hybrids used. The cultivation in substrate, with fertirrigation offers the plants nutrients in an easily absorbable form, 
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during the whole growing cycle, which consequently results in a greater accumulation of nitrogen.
The accumulation of P by the plant was 1.14 g plant -1 at 189 DAT ( Figure 1B) , where 50% of this total accumulation was observed at 120 days after transplanting. The mature fruits were the organs that accumulated the most phosphorus (0.82 g plant -1 ) at 137 days (50% of the total). It is noted that the greatest requirement of P in sweet peppers occurred during fruiting. The stem was the second organ that accumulated the most P (0.09 g plant -1 ), followed by leaves, green fruits and roots, which accumulated respectively 0.08 g plant -1 , 0.07 g plant -1 and 0.04 g plant -1 at 189 DAT. Fontes et al. (2005) reported that the absorption of P by the plant was 23.3 kg ha -1 , where the fruits accounted for 60%. Considering a total of 25,000 plants in the present study, the accumulation of P would be 28.5 kg ha -1 , where these values would thus be similar. However, it should be pointed out that in the present study the commercial production of fruits was superior to that observed by Fontes et al. (2005) . This fact could be related to the coconut fiber that provides more efficient utilization of nutrients, once the quantities absorbed are similar in both studies.
The greater total accumulation of K was 7.84 g plant -1 at 189 DAT. This value represents an extraction of 196.0 kg ha -1 K (25,000 plants/ha), where 117 days were needed for the culture to accumulate 50% of this total. At this same time, mature fruits contributed the most to this accumulation (4.40 g plant -1 ), followed by leaves (1.50 g plant -1 ), stem (1.21 g plant -1 ) and roots (0.17 g plant -1 ). Green fruits showed a maximal accumulation of K (0.96 g plant -1 ) at 125 DAT, decreasing by 189 DAT ( Figure 1C ). It is evident that the accumulation curves for K are similar to N, as showed by Fontes et al. (2005) .
Miller et al. (1979) reported that 
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sweet peppers absorbed 135.6 kg ha -1 of K, and Ombodi & Saigusa (2000) found absorption of 242 kg ha -1 of K, under greenhouse and soil. Besides, BarTal et al. (2001b) found a higher value (520 kg ha -1 of K). Considering 5.97 kg of K were needed for the production of 1000 kg of fruits, while in the present study 2.01 kg of K were needed, which reinforces the idea that the efficiency of utilization of nutrients with cultivation in coconut fiber is greater.
Quantities of nitrogen and potassium accumulated by the plant in this work were similar. These results differ from those obtained by Fontes et al. (2005) who showed that the quantity of K accumulated was greater than that of N. These latter authors found an accumulation of 20.09 g plant -1 for K, this being approximately 2.5 times higher than the amount accumulated in the present study. This finding is probably due to the difference in cultivars utilized and also the cultivation system in which the plants were grown.
The accumulation of Ca occurred continuously, reaching a maximum of 3.25 g plant -1 at 189 DAT. The leaves were the organs that accumulated the highest quantity of calcium (2.14 g plant -1 ), followed by the stem (0.75 g plant -1 ), mature fruits (0.25 g plant -1 ) and roots (0.10 g plant -1 ). The maximal accumulation of Ca in green fruits (0.07 g plant -1 ) was observed between 125 and 129 DAT. It was similar to other nutrients, because there was a decrease in the accumulation of Ca in theses organs ( Figure 1D ). The leaves contributed the most to the total Ca absorbed, due to the fact that calcium is a nutrient absorbed by mass flow and is considered immobile in the plant, that is, it is not redistributed from the site of accumulation (leaves mainly) to other parts of the plant. 114.34 days were necessary to reach 50% of the total Ca accumulated. This fact showed that Ca uptake is greater in the fruiting phase, even though this nutrient is accumulated in larger amounts in other organs. Fontes et al. (2005) found an accumulation of 8.47 g of calcium/ plant at 224 DAT, where of this total 1.64 g were accumulated by the fruits. The quantities accumulated in this latter study were greater than that observed in the present work. This could be due to a difference in the duration of the experiments, because in the present study the plants were monitored for 189 days after transplanting, that is, 35 days less than the above-mentioned study. Another difference was in the cultivation system, where in the research of Fontes et al. (2005) the plants were grown in soil, which is generally rich in calcium due to liming often required to correct for acidity. Still, it should be noted that different cultivars were utilized, which could have different requirements.
The quantity of magnesium accumulated increased during the whole growing cycle, resulting in 1.34 g plant -1 at 189 DAT. Of this total, the leaves and mature fruits accumulated the most Mg, 0.52 and 0.40 g plant -1 , respectively. The stem, roots and green fruits showed an accumulation of Mg at 189 DAT of 0.36, 0.04 and 0.03 g plant -1 , respectively ( Figure 2A ). Negreiros (1995) evaluated the growth and accumulation of nutrients in a culture of sweet pepper and found an accumulation of magnesium of 0.16, 0.06 and 0.16 g plant -1 for leaves, stem and fruits, respectively. Values obtained in the present work were higher than those observed by the latter author. This fact is probably due to the difference in cultivation system, since the research of Negreiros (1995) was carried out in soil. This demonstrates that the nutritional requirements of sweet pepper grown in coconut fiber are higher than in other cultivation systems, and that fertilizing is required.
The accumulation of sulfur by the plant was continuous ( Figure 2B ). At 189 DAT, there was an accumulation of 2.25 g plant -1 , where 130.16 days after transplanting were needed for an accumulation of 50% of this amount. This means that a greater demand for this nutrient occurs during the fruiting phase, because the physiological activity of the plant is greater, as can be seen by the accumulation of dry mass in the research of Charlo et al. (2011) . The mature fruits, stem and leaves were the organs that accumulated the most sulfur, with respective amounts of 1.03, 0.54 and 0.49 g plant -1 . The roots showed the least accumulation of S, with 0.09 g plant -1 . Fontes et al. (2005) found an accumulation of S of 1.88 g plant -1 , where 0.49 g plant -1 was accumulated by the fruits.
The total accumulation of boron by the plant was 16.65 mg plant -1 at 189 DAT, where 50% of this amount was accumulated at 121.15 days after transplanting. As in the case of Ca, boron was most accumulated by the leaves (9.67 mg plant -1 ) due to its mobility in the plant phloem, that is, immobile elements in the plant tend to accumulate mainly in the leaves, because they are not redistributed to other organs. At 189 DAT, mature fruits accumulated 4.73 mg plant -1 , the stem 1.37 mg plant -1 , green fruits 0.54 mg plant -1 and the roots 0.25 mg plant -1 ( Figure 2C ). These values are close to those observed by Fontes et al. (2005) who found a total accumulation of 18.86 mg plant -1 and an accumulation of 6.68 mg plant -1 by the fruits. The total accumulation of Cu by the plant was 3.36 mg plant -1 at 189 DAT ( Figure 2D ). The accumulation of Cu in the leaves was maximal at 126 DAT with 2.52 mg plant -1 , decreasing thereafter to 1.14 at 189 DAT. A similar behavior was found for the stem, where the maximum was 131 at 133 DAT with 0.037 mg plant -1 , declining to 0.29 mg plant -1 at 189 DAT. The roots and mature fruits showed continuous accumulation of Cu, and reached 0.13 and 1.53 mg plant -1 at the end of the cycle. The results for green fruits were similar to those for leaves and stem, showing a maximal accumulation of Cu at 123 and 124 DAT (0.33 mg plant -1 ) and a gradual decrease in levels until 189 DAT (0.13 mg plant -1 ). The accumulation of Cu in leaves, stem and green fruits showed great variation during the growing cycle at times of fertilizing. This is likely related to the pulverizations of Cu-based products, which was also reported by Fontes et al. (2005) . (Figure 3-A) . Fontes et al. (2005) found an accumulation of 87.72 mg plant -1 for Fe, which was higher than that observed in the present work. These authors carried out their study in soil which functions as large reservoir and source of Fe, resulting in high absorption and accumulation of this element. Another factor could be the difference in the utilized cultivars.
The accumulation of Mn was found to be continuous in leaves, stem, roots and mature fruits, which at 189 DAT reached respective levels of 24.89, 4.459, 0.87 and 4.80 mg plant -1 . Green fruits had a maximal accumulation of 1.36 mg plant -1 at 124 DAT, followed by a decrease until 189 DAT when the accumulation of Mn was 0.40 mg plant -1 . The total accumulation of Mn was continuous reaching 34.78 mg plant -1 at 189 DAT, where 106.52 days after transplanting were needed for the plants to accumulate 50% of this total ( Figure 3B ).
The total Zn accumulated by the plant was 22.28 mg plant -1 at 189 DAT ( Figure 3C ), being the highest values found in the mature fruits (9.60 mg plant -1 ). The green fruits showed maximal accumulation at 131 to 134 DAT (1.67 mg plant -1 ), and 1.00 mg plant -1 in these organs at the end of the cycle. The stem, roots and leaves displayed continuous accumulation of Zn, which was observed up to 189 DAT, with final respective values of 2.79, 0.65 and 7.95 mg plant -1 . Analyzing the accumulation dynamics of nutrients, we observed that nitrogen and potassium are the most absorbed macronutrients, especially after the beginning of fruiting. The absorbed N:K proportion was 1:1, indicating that the nutrient solutions must respect this relationship to avoid a nutritional imbalance. The other nutrients mostly accumulated after the beginning of fruiting, which means that the fertirrigation should be more rigorously monitored after the appearance of fruits.
According to the results obtained in this study, we suggest the adoption of two types of nutrient solution in the sweet pepper cultivation, especially for levels of nutrient fertirrigation: the use of lower concentrated solution during the vegetative phase of the plants (0 -42 DAT) and a more concentrated solution from 42 DAT on. It is also suggested to perform new studies in order to determine the optimal concentration of nutrients in these two phases.
This study demonstrated an accumulation of 8.22 g plant -1 of N, 1.14 g plant 
